TITLE OF THE INVENTION 
ROTARY COMPRESSOR AND REFRIGERANT CYCLE SYSTEM HAVING THE SAME 
5 CROSS-REFERENCE TO RELATED APPLICATIONS 

This application claims the benefit of Korean Patent Application No. 2003-949 filed 
on January 08. 2003 and Korean Patent Application No. 2003-61758 filed on September 04. 
2003 in the Korean Intellectual Property Office, the disclosures of which are incorporated 
10 herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

15 The present invention relates to a variable capacity rotary compressor and a 

refrigerant cycle system having the variable capacity rotary compressor and, more 
particularly, to a variable capacity rotary compressor which allows a refiigerant entering the 
compressor after being bypassed to vary a compression capacity of the compressor, to have 
same temperature and pressure as when entering the compressor at first, and to a 

20 refrigerant cyde system having the variable capacity rotary compressor. 

2. Description of the Related Art 

As shown in FIG. 1 , a conventional variable capacity rotary compressor 10 includes a 
cylinder 1 1 in which a refrigerant is compressed, an inlet pipe 12 to deliver the refiigerant into 
25 the cylinder 1 1, an outlet pipe 13 to deliver the refiigerant out of the cylinder 1 1, a bypass 
hole 11a provided at a predetermined position of the cylinder 11 to bypass the refiigerant 
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from the cylinder 1 1 for varying a compression capacity, and a bypass pipe 14 to connect the 
bypass hole 11a to the inlet pipe 12 to allow the refrigerant bypassed through the bypass 
hole 11a to enter the cylinder 11. In the cylinder 11 is installed a roller piston lib to be 
eccentric from a center of the cylinder 1 1 . Further, a vane 1 1 c is installed in the cylinder 1 1 to 

5 partition the cylinder 11 into a high-pressure part lid and a low-pressure part lie. The 
variable capacity rotary compressor also has a control unit to confrol a flow of the refrigerant 
which flows through the bypass pipe 14. In this case, the control unit includes a check valve 
1 1f, a connection pipe 15, and a three-way valve 16. The check valve 1 1f functions to open 
or close the bypass hole 11a. The connection pipe 15 connects the outlet pipe 13 to the 

10 bypass pipe 14. Further, the three-way valve 16 is provided at a junction between the 
bypass pipe 14 and the connection pipe 15. 

The bypass pipe 14 is divkied into a first pipe portion 14a and a second pipe portion 
14b by the three-way valve 16. The first pipe portion 14a is provided between the bypass 
hole 11a and the three-way valve 16, while the second pipe portion 14b is provided t>etween 

15 the three-way valve 16 and the inlet pipe 12. The threeway valve 16 is controlled to allow 
the first pipe portion 14a to communicate with the second pipe portion 14b or tiie connection 
pipe 15. 

In the conventional variable capacity rotary compressor 10, the compression capacity 
is varied by the three-way valve 16. When the thre&way valve 16 is controlled to allow tiie 

20 first pipe portion 14a to communicate with tiie connection pipe 15, a pressure of the outiet 
pipe 13 acts on an outside of the check valve 1 1f, and an internal pressure of the cylinder 1 1 
which is lower than the pressure of the outiet pipe 13, acts on an inside of the check valve 
11f, tiius dosing the check valve 11f. In this case, tine refrigerant is not bypassed and 
thereby a large capacity compression mode is executed. 

25 When it is required to execute a small capacity compression mode, tiie three-way 
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valve 16 is controlled to allow the first pipe portion 14a to communicate with the second pipe 
portion 14b. At this time, a pressure of the Inlet pipe 12 acts on the outside of the check valve 
1 1f, and the intemal pressure of the cylinder 1 1 , that is, a pressure of either the high-pressure 
part 1 1d or the low-pressure part 1 1e of the cylinder 1 1 , acts on the inside of the check valve 

5 1 1f. Since the pressure of the high-pressure part 1 1d is higher than the pressure of the inlet 
pipe 12, a higher pressure acts on the inside of the check valve 1 1f in comparison with the 
outside of the check valve 11f, thus opening the check valve 11f. Therefore, while the 
pressure of the high-pressure part 11d acts on the inside of the check valve 11f, the 
refrigerant is bypassed through the check valve 1 1f. In this case, the variable capacity rotary 

10 compressor 10 is operated in the small capacity compression mode. 

As described above, when the variable capacity rotary compressor 10 is operated in 
the small capacity compression mode, the refrigerant is bypassed through the bypass pipe 
14, and then the bypassed refrigerant enters the cylinder 11 through the inlet pip^ 12. 
However, since the refrigerant bypassed from the cylinder 1 1 is compressed slightly, the 

15 bypassed refrigerant has temperature and pressure which are higher than those of the 
refrigerant when entering the cylinder 11 at first As such, when the refligerant having high 
temperature and pressure enters the cylinder 1 1 , a mass flow is reduced, due to an increase 
in a specific volume of the bypassed refligerant, thus reducing the operational efficiency of a 
refligeration cyde. Further, due to an increase in a suction pressure of the compressor 10, 

20 power consumption of the compressor 1 0 is undesirably increased. 



SUMMARY OF THE INVENTION 



Accordingly, it is an aspect of the present invention to provide a variable capacity 
25 rotary compressor which reduces temperature and pressure of a refligerant bypassed flrom a 



3 



cylinder before entering the cylinder again, thus preventing the operational efficiency of a 
refrigeration cyde firom being reduced and preventing an increase in power consumption, 
when the refrigerant is bypassed. 

It is another aspect of the present invention to provide a refrigerant cycle system 
5 having the variable capacity rotary compressor. 

Additional aspects and/or advantages of the invention will be set fortti in part in the 
description which follows and, in part will be obvious from the description, or nnay be leamed 
by practice of the invention. 

The above and/or other aspects are achieved by providing a variable capacity rotary 
10 compressor, including a cylinder, an inlet pipe, an outiet pipe, a bypass hole, a bypass pipe, a 
cooling unit, and a pressure reducing unit. A refrigerant is compressed in the cylinder. The 
inlet pipe delivers tiie refrigerant into the cylinder. The outiet pipe delivers the refrigerant out 
of the cylinder. The bypass hole is provided at a predetemriined position of tiie cylinder to 
bypass the refrigerant from the cylinder, tiius varying a compression capacity. The bypass 
15 pipe connects the bypass hole to the inlet pipe to allow the refrigerant bypassed tiirough the 
bypass hole to enter the cylinder. The cooling unit cools Vne refrigerant flowing tiirough tiie 
bypass pipe. The pressure reducing unit reduces a pressure of the refrigerant which flows 
through the bypass pipe, and is provided on the bypass pipe between tiie cooling unit and 
the inlet pipe. 

20 The variable capacity rotary compressor further includes a control unit to control a 

flow of the refrigerant which flows through Oie bypass pipe. The continol unit includes a check 
valve to open or close tiie bypass hole, a connection pipe to connect the outiet pipe to the 
bypass pipe, and a three-way valve provided at a junction between the bypass pipe and the 
connection pipe. The bypass pipe has a first pipe portion between tiie bypass hole and the 

25 three-way valve, and a second pipe portion between the thre&way valve and the inlet pipe. 
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The three-way valve is controlled to allow the first pipe portion to communicate with the 
second pipe portion or the connection pipe. 

When the three-way valve is controlled to allow the first pipe portion to communicate 
with the second pipe portion, the check valve is opened to bypass the refrigerant through the 
5 bypass hole, thus executing a small capacity compression mode. On the other hand, when 
the three-way valve is controlled to allow the first pipe portion to communicate with the 
connection pipe, the check valve is closed to execute a large capacity compression nrKxIe. 

The above and/or other aspects are achieved by providing a variable capacity rotary 
compressor, including a cylinder in which a refrigerant is compressed, an inlet pipe to deliver 

10 the refrigerant into the cylinder, an outlet pipe to deliver the refrigerant out of the cylinder, a 
bypass hole provided at a predetemnined position of the cylinder to bypass the refiigerant 
firom the cylinder, thus varying a compression capacity, a bypass pipe connecting the bypass 
hole to the inlet pipe to allow the refrigerant bypassed through the bypass hole to enter the 
cylinder, and a pressure reducing unit to reduce a pressure of the refrigerant which flows 

15 through the bypass pipe. In this case, the pressure reducing unit may comprise a capillary 
tube. 

The above and/or other aspects are achieved by providing a refrigerant cycle system, 
including a compressor, a condenser, an expander, and an evaporator. In this case, the 
compressor of the refrigerant cyde system includes a cylinder in which a refrigerant is 

20 compressed, an inlet pipe to deliver the refrigerant into the cylinder, an outlet pipe to deliver 
the refrigerant out of the cylinder, a bypass hole provided at a predetermined position of the 
cylinder to bypass the refrigerant from the cylinder, thus varying a compression capacity, a 
bypass pipe connecting the bypass hole to the inlet pipe to allow the refrigerant bypassed 
through the bypass hole to enter the cylinder, and a cooling unit to cool the refrigerant flowing 

25 through the bypass pipe. The cooling unit is provided at a predetermined portion of the 
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condenser. 

Further, in the refrigerant cycle system, the rotary compressor further includes a 
pressure reducing unit to reduce a pressure of the refrigerant which flows through the bypass 
pipe. The pressure reducing unit is provided on the bypass pipe between the cooling unit 
5 and the inlet pipe. 

The rotary compressor of the refiigerant cycle system further includes a control unit to 
control a flow of the refrigerant which flows through the bypass pipe. The control unit 
includes a check valve to open or close the bypass hole, a connection pipe to connect the 
outlet pipe to the bypass pipe, and a three-way valve provided at a junction between the 
10 bypass pipe and the connection pipe. 

The above and/or other aspects are achieved by providing a refngerant cyde system, 
including a compressor, a condenser, an expander, and an evaporator. In this case, the 
compressor of the refrigerant cycle system comprises a variable capacity rotary compressor 
which includes a cylinder in which a refrigerant is compressed, an inlet pipe to deliver the 
15 reflrigerant into the cylinder, an outlet pipe to deliver the refiigerant out of the cylinder, a 
bypass hole provided at a predetemiined position of the cylinder to bypass the refiigerant 
from the cylinder, thus varying a compression capacity, a bypass pipe connecting the bypass 
hole to the inlet pipe to allow the refiigerant bypassed through the bypass hole to enter the 
cylinder, and a pressure reducing unit to reduce a pressure of the refiigerant which flows 
20 through the bypass pipe. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other aspects and advantages of the invention will become apparent and 
25 more readily appredated fifom the following description of the preferred embodiments, taken 
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in conjunction with the acconnpanying drawings of which: 

FIG. 1 is a schematic view of a conventional variable capacity rotary compressor; 

FIG. 2 is a schematic view of a variable capacity rotary compressor, according to an 
embodiment of the present invention; 
5 FIG. 3 is a schematic view of the variable capacity rotary compressor of FIG. 2, when 

the compressor is operated in a large capacity compression mode; 

FIG. 4 is a schematic view of the variable capacity rotary compressor of FIG. 2, when 
the compressor is operated in a small capacity compression mode; and 

FIG. 5 is a schematic view of a refrigerant cycle system having the variable capacity 
10 rotary compressor of FIG. 2. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Reference will now be made in detail to the present preferred embodiments of the 
15 present invention, examples of which are illustrated in the accompanying drawings, wherein 
like reference numerals refer to like elements throughout. 

As shown in FIG. 2, a variable capacity rotary compressor 100 according to an 
embodiment of tiie present invention includes a cylinder 110, an inlet pipe 120, and an outiet 
pipe 130. The cylinder 110 includes an inlet port 111 into which a refrigerant is drawn, an 
20 outiet port 1 12 tiirough which tiie refrigerant is discharged, and a bypass hole 113 tiirough 
which ttie refrigerant is bypassed. The inlet pipe 120 delivers tiie refrigerant into tiie Inlet port 
111, and the outiet pipe 1 30 delivers the refrigerant out of the outiet port 112. 

In tiie cylinder 110 are installed a roller piston 114, a vane 115, and a check valve 
118. The roller piston 1 14 is installed in the cylinder 1 10 to be eccentric from a center of tiie 
25 cylinder 110, and is rotated along an inner surface of the cylinder 110 to compress the 
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refrigerant The vane 115 partitions the cylinder 110 into a highiDressure part 116 and a low- 
pressure part 117. The check valve 1 1 8 functions to open or dose the bypass hole 113. 

The bypass hole 113 is connected to the inlet pipe 120 via the bypass pipe 140 to 
allow the refrigerant discharged through the bypass hole 113 to enter the cylinder 110. 
5 Further, the bypass pipe 140 is connected to the outlet pipe 130 via the connection pipe 150. 
A three-way valve 160 is provided at a junction between the bypass pipe 140 and the 
connection pipe 150. 

The check valve 118, the connection pipe 150, and the three-way valve 160 
constitute a control unit to control a flow of the refrigerant which flows through the bypass 
10 pipe 140. 

The bypass pipe 140 includes a first pipe portion 141 between the bypass hole 113 
and the three-way valve 160, and a second pipe portion 142 between the three-way valve 
160 and the inlet pipe 120. The three-way valve 160 is controlled to allow the first pipe 
portion 141 to connmunicate with the second pipe portion 142 or the connexion pipe 150. 

15 Further, a cooling unit 170 and a pressure reducing unit 180 are respectively provided at . 
predetemnined positions of the second pipe portion 142 to cool the refiigerant flowing through 
the second pipe portion 142 and reduce a pressure of the refrigerant flowing through the 
second pipe portion 142. 

FIG. 3 Is a schematic view of the variable capacity rotary connpressor 100, when the 

20 compressor 100 is operated in a large capacity compression mode. FIG. 4 is a schematic 
view of the variable capacity rotary compressor 100, when flie compressor 100 is operated in 
a small capacity compression mode. The operation of the variable capacity rotary 
compressor 100 will be described in the following with reference to FIGS. 3 and 4. 

The refiigerant is drawn into the cylinder 110 through the inlet pipe 120 to be 

25 compressed. After the refiigerant is compressed, the refiigerant is discharged to the outlet 
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pipe 130. Depending on whether the refrigerant is bypassed through the bypass hole 1 13 of 
the cylinder 110, the amount of the refrigerant dischavged through the outlet pipe 130 is 
varied, thus varying the compression capacity of the compressor 100. 

The compression capacity of the compressor 100 is varied by controlling the three- 

5 way valve 160. When it is required to execute the large capacity compression mode, the 
three-way valve 160 is controlled to allow the first pipe portion 141 of the bypass pipe 140 to 
communicate with the connection pipe 150. Since the connection pipe 150 is connected to 
the outlet pipe 130, a pressure of the outlet pipe 130 acts on the check valve 118 through the 
connection pipe 150 and the first pipe portion 141 of the bypass pipe 140 communicating 

10 witii the connection pipe 1 50. 

In tills case, tiie pressure of tiie outiet pipe 130 acts on an outside of the check valve 
118, while a pressure of eiUier the high-pressure part 1 16 or the low-pressure part 117 acts 
on an inside of the check valve 118. While tiie refrigerant is compressed, an internal 
pressure of the cylinder 1 10 is lower tiian the pressure of tiie outiet pipe 130. Thus, a higher 

15 pressure acts on the outside of the check valve 118, in comparison witii tiie inside of tiie 
check valve 118. 

Therefore, tiie check valve 1 18 is closed. At this time, the refrigerant in the cylinder 
1 10 is not bypassed but the entire refrigerant is discharged tiirough the outiet port 112. Such 
a flow of tiie refrigerant is shown by anx^ws of FIG. 3. 
20 Conversely, when it is required to execute tiie small capacity compression mode, the 

tiiree-way valve 160 is controlled to allow the first pipe portion 141 of the bypass pipe 140 to 
communicate witti the second pipe portion 142 of the bypass pipe 140. Since tiie bypass 
pipe 140 is connected to ttie inlet pipe 120, a pressure of the inlet pipe 120 acts on the check 
valve 118. 

25 In tills case, since the outside of tiie check valve 118 communicates witii the inlet 
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pipe 120 through the first and second pipe portions 141 and 142 of the bypass pipe 140, the 
pressure of the Inlet pipe 120 ads on the outside of the check valve 118. According to a 
position of the roller piston 114, the pressure of the high-pressure part 116 or the low- 
pressure part 117 acts on the inside of the check valve 118. Since the pressure of the high- 

5 pressure part 116 is higher than the pressure of the inlet pipe 120, the inside of the check 
valve 118 has a higher pressure than the outside of the check valve 118 while the pressure 
of the high-pressure part 116 acts on the inside of the check valve 118. Thus, the check 
valve 1 18 is opened to bypass the refrigerant through the bypass hole 113. The bypassed 
refrigerant enters the cylinder 110 after sequentially passing through the bypass pipe 140 

10 and the inlet pipe 120. Such a flow of the refrigerant is shown by annows of FIG. 4. 

At the predetermined positions of the bypass pipe 140 are provided the cooling unit 
170 to cool the refrigerant and the pressure redudng unit 180 to reduce the pressure of the 
refrigerant The operation of the cooling unit 170 and the pressure redudng unit 180 is as 
follows. 

15 Since the refrigerant bypassed flrom the cylinder 11 is slightly compressed, the 

temperature and pressure of the bypassed refrigerant are increased. When the bypassed 
refrigerant having increased temperature and pressure enters the cylinder 11 again, a 
specific volume of the bypassed refrigerant is increased due to the increased temperature 
and thereby a mass flow is reduced, thus causing a reduction of the operational efRctency of 

20 a refrigeration cyde. Further, due to the increased pressure, a suction pressure of the 
compressor 100 is increased, thus increasing power consumption of the compressor 100. 

In order to solve the problenns, the cooling unit 170 and the pressure redudng unit 
180 are provided at the predetermined positions of the bypass pipe 140. The cooling unit 
170 functions to cool the bypassed refhgerant, and the pressure redudng unit 180 functions 

25 to reduce the pressure of the bypassed refrigerant thus allowing the bypassed refrigerant to 

10 



have the same temperature and pressure as when entering the cylinder 1 1 0 at first 

The pressure reducing unit 180 may comprise a capillary tube, or an expansion 
valve. The cooling unit 170 may comprise a heat exchanger It is preferable that the cooling 
unit 170 be provided at a predetermined portion of a condenser 200 included in a refrigerant 
5 cycle system to which the variable capacity rotary compressor 1 00 of the present invention is 
applied, without an additional heat exchanger. Such a construction will be described 
hereinafter. 

FIG. 5 is a schematic view of the refrigerant cycle system having the variable 
capacity rotary compressor 100 according to an embodiment of the present invention. As 

10 shown in FIG. 5, the refrigerant cycle system includes a compressor 1 00, the condenser 200, 
an expander 300, and an evaporator 400 which constitute a single refrigeration cycle. The 
compressor 100 compresses the refrigerant. The condenser 200 condenses the refrigerant 
fed from the compressor 100 to change a gas refrigerant into a liquid refrigerant. The 
expander 300 reduces the pressure of the refrigerant fed from the condenser 200. The 

15 evaporator 400 changes the I'quid refrigerant under low pressure into a gas refrigerant 

The compressor applied to the refrigerant cyde system comprises the variable 
capacity rotary compressor 100 which is described above. The variable capacity rotary 
compressor 100 includes the bypass pipe 140 to bypass the refrigerant, thus controlling the 
discharged amount of the refrigerant At the predetemriined positions of the bypass pipe 140 

20 are provided the cooling unit 170 and the pressure-reducing unit 180. The cooling unit 170 
functions to cool the bypassed refrigerant, and the pressure reducing unit 180 frjnctions to 
reduce the pressure of the bypassed refrigerant, thus allowing the bypassed refrigerant to 
have the same temperature and pressure as when entering the cylinder 1 10 at first 

As shown in FIG. 5, the cooling unit 170 executes a heat exchanging process using a 

25 part of the condenser 200 included in the refrigerant cyde system, thus being capable of 
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cooling the bypassed refrigerant without any additional heat exchanger. 

As apparent from the above description, the present invention provides a variable 
capacity rotary compressor and a refrigerant cycle system having the variable capacity rotary 
compressor. The variable capacity rotary compressor applied to the refrigerant cycle system, 
5 includes a bypass pipe to bypass a refrigerant from a cylinder so that the bypassed 
refrigerant enters the cylinder through an inlet pipe. At predetemnined positions of the bypass 
pipe are provided a cooling unit and a pressure reducing unit. The cooling unit ftincBons to 
cool the bypassed refrigerant, and the pressure reducing unit ftjnctions to reduce the 
pressure of the bypassed refrigerant, thus allowing the bypassed refrigerant to have the 

10 same temperature and pressure as when entering the cylinder at first therefore preventing a 
mass flow from being reduced, due to an increase in a specific volume resulting finom an 
increase in temperature of the bypassed refligerant, in addition to preventing an increase in a 
suction pressure of the compressor. Thus, the operational efficiency of a refligeration cycle is 
prevented from being reduced, in addition to preventing an increase in power consumption. 

15 Further, since a part of a condenser is used as the cooling unit of the bypass pipe 

without an additional heat exchanger, additional installation costs and a space for installing 
the cooling unit are not required. 

Although an embodiment of the present invention has been shown and descrit)ed, it 
would be appreciated by ttiose skilled in the art ttiat changes may be made in ttiese 

20 embodiments wittiout departing finom the principles and spirit of the invention, ttie scope of 
which is defined in tiie claims and their equivalents. 



4 



